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THE PATHOGENESIS OF METHYLHYDRAZINE SULFATE
INDUCED DISTAL TAIL GANGRENE*
JOSEPH J. LALICH, M.D.
METHOD
Weanling male Sprague-Dawley rats were used
in this study. Twenty-four rats fed ground com-
mercial diett ad libitum served as controls. Forty-
two rats were fed 300 mg of methyihydrazine
sulfate (MUS) alone or combined with corn oil
supplements per kilogram of commercial diet for
periods of 42 to 111 days. The rats were weighed
every other week. Whenever rats began to sneeze,
exhibit pulmonary rhonchi or lose weight, they
were sacrificed. The incidence severity and progress
of the tail tip gangrene was recorded. At intervals
up to 111 days the rats were killed, the tissues
were inspected and samples retained for micro-
scopic examination. Because of extensive hyper-
keratosis of the tail, the epithelium of the ears,
the salivary glands, the larynx, stomach, pancreas,
intestines and the urinary bladder were examined
microscopically. In addition the heart, lung, liver,
spleen and kidneys were examined. A 1.0 cm seg-
ment of tail proximal to the gangrenous margin
was fixed in acetic acid-ethanol-formalin and re-
tained for microscopy. Brains were removed from
12 test rats fed MHS for 90 or more days to
ascertain whether the cerebral vessels were affected.
The tail segments were decalcifled for 48 hours in
50 ml of 1.0 N HC1, washed in tap water, cut
transversely into 4 to 5 segments and then proc-
essed for sectioning and staining with hematoxylin
and eosin.
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keratosis tended to diminish and the tail stump
healed after 70 days (Fig. 2). Five rats with ex-
tensive tail gangrene and corn oil supplementa-
tion after the 77th day did not appear to heal
any more rapidly than others fed MHS alone.
Six rats fed corn oil and MUS from the onset for
42 days developed hyperkeratosis and tail tip
gangrene just as readily as 6 other rate which
received 300 mg of MHS/kg of diet.
MICROSCOPIC OBSERVATION
In the skin of tails from 24 rats the epidermal
layer varied from 2 to 5 cells in thickness. The
hair follicles and sebaceous glands were evenly
distributed and conspicuous (Fig. 3). Acanthosis
and hyperkeratosis were seen in the skin proximal
to the gangrenous area in 42 test rats. In a ma-jority of instances these epidermal alterations
were associated with edema of the dermis. The
prominent hair fofficles frequently became dis-
tended with keratin plugs. (Fig. 4). Without mak-
ing a special effort, it was possible to observe such
keratin plugs in 12 skin samples of tail. Infection
of hair follicles appeared as a complication of
keratin plugging and was encountered in 20 of
42 test rats. A usual complication of acute follicul-
itis was leukocytic infiltration into the dermis
with varying degrees of inflammation. (Fig. 5 and
6). Frequently loss of striated muscle, collagen
bundles, cartilage and bone was observed in areas
of gangrene. Bordering the zone of necrosis one
commonly observed active regenerative fibrosis.
In sections with necrotic areas, one could dis-
tinguish active epidermal cellular proliferation ad-jacent to the areas of epitheial necrosis. Throm-
bosis was rarely seen. Whenever intimal or medial
arterial alterations were encountered, they ap-
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Inhalation of methylhydrazine vapor will
produce fatal pulmonary edema and hemor-
rhage in rats (1). In contrast to this, the
sulfate of this chemical when fed in the diet,
produced inspissated biiary plugs and hyper-
keratosis of the tail and toes (2). The hyper-
keratosis is frequently complicated by the ap-
pearance of gangrene of the tail. The present
investigation was undertaken to determine
whether gangrene of the tail is caused by vascu-
lar thrombosis or some other type of tissue
alteration.
RESULTS
The numbers of rate fed, the duration of
feeding, the pertinent gross and microscopic
alterations observed are recorded in Table I.
As might be anticipated, control rate fed a
ground commercial diet grew satisfactorily.
Nothing unusual was seen on gross inspection
of the tail (Fig. 1), or the parenchymatous or-
gans in 24 control rats. Twenty-five rate fed 300
mg MHS/kg of diet from 72 to 111 days ex-
hibited only a minimal retardation of growth
when bronchopneumonia did not occur. Hyper-
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TABLE I
Microscopic alterations seen in the tail epidermis of methylhydrazine sulfate fed rats
Number
of Rats
Methyihydra-
zinc Sulfate
mg/kg
Corn Oil
mi/kg Days on Diet
Average
Weight Gain
in Gm
Microscopic Alterations
Hyper-keratosis
Edema
skin
Gangrene
tail tip
Infected
follicle
Leukocytic
infiltration
dermis
24
25
5
6
6
300
300
300
300
300
—
20
—
20
49
72-111
77
77—108
42
42
253
246
212
255
131
113
0
25
5
6
6
0
23
5
5
5
0
25
5
1
3
0
16
3
0
1
0
14
5
0
1
Ftc. 1. Control rat 145 fed a ground commercial
diet for 49 days. Distal 3.5 cm. of the rat's tail
is shown in this photograph. Note the character-
istic transverse keratin rings and the uniform
distribution of the hair.
Ftc. 2. Test rat 149 fed 300 mg MHS per kg
of diet for 60 days when tail tip gangrene de-
veloped. There is an irregularity in the diameter
of the caudal tail tip due to edema. The necrotic
portion measures 2.8 cm in length. The transverse
keratin rings are exaggerated particularly in the
terminal portion.
peared to be secondary to the inflammatory reac-
tions of the epidermis or its appendages.
In contrast to the marked epidermal alterations
in the tail, only slight epidermal hypertrophy was
Ftc. 3. Skin section from tail of control rat 127.
The keratin layer and the hair shafts are apparent.
The epidermal layer varies from 3 to 6 cells in
width. The sebaceous glands and hair follicles
are frequently surrounded by fat cells. H & E.
64 X.
observed in skin of the ears and toes in these test
rats. The livers of test rats could be readily
identified by the presence of inspissated biliary
plugs without any evidence of ductal dilatation
or obstruction. Examination of the brain did not
reveal any obvious alterations of the neurons,
the capillaries or cerebral vessels. Epithelial altera-
tions were not seen in the epididymus, seminal
T
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scaliness on the ears than on the tails or toes.
The epidermal changes encountered in our study
resemble those described by these workers in
many details.
In view of the similarity of the microscopic
epidermal alterations which are encountered
under these two experimental conditions, there
was question as to whether MRS toxicity pre-
disposed to a disturbance of unsaturated fatty
acid metabolism. It was postulated that MRS
feeding could either increase the requirement
for, or somehow interfere with, the metabolism
of unsaturated fatty acids in the epidermis.
Feeding corn oil supplement to rats receiv-
ing MRS did not appear to retard the develop-
ment of epidcrmal alteration. This suggests
that MHS may either involve another mecha-
nism or that insufficient unsaturated fatty acids
were fed in this study. An unexplained and
interesting peculiarity is the unusual sensitivity
of the tail epidermis to MRS feeding or diets
deficient in unsaturated fatty acids. Only mini-
mal to moderate scaliness of the toes was seen
Smith and Bogin were the first to produce
gangrene of the tail tip in rats by dietary means
(3). These workers did not describe any cpi-
dermal changes, but they suggested that the
gangrene might be due to intimal thickening of
the vessels in the tail. Burr and Burr proved
that necrosis of the tail tip in rats was not due
to lack of vitamin A but was caused by a de-
ficiency of unsaturated fatty acids (4, 5). Gross
photographs shown by these workers are much
like the MRS induced lesions; however, they
did not perform any histologic studies. William-
son (6) and Ramalingaswami and Sinclair (7)
reproduced the tail lesions by feeding diets de-
ficient in unsaturated fatty acids. These work-
ers described the microscopic cpidermal changes
in detail. Interestingly, they observed more
Fio. 5. Skin taken from tail of test rat 150.
Ryperkeratosis and acanthosis are prominent. A
hair follicle is markedly distended by a leukocytic
infiltrate. There is evident of leukocytic invasion
of the dermis adjacent to the follicle. R & B. 64X.
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Fm. 4. Section of skin from tail of test rat 151.
The kcratin layer is more prominent than in the
control. There is obvious acanthosis present. A
keratin plug fills an orifice of a hair follicle. Mini-
mal infiltration by lymphocytes has occurred
around this hair follicle. The collagen bundles be-
neath the dermal layer are normal. R & E. 64X.
vcsicles, parotid gland, the pancreas or the bron-
chial epithelium of the lungs.
DiscussioN
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acanthosis was complicated by acute folliculitis.
Inspection of the vessels proximal to the gan-
grene revealed no evidence of consistent or ex-
tensive vascular injury. Furthermore, vessels in
other organs such as the brain, heart, kidneys
and lungs were also normal on microscopic in-
spection.
SUMMARY
Fio. 6 Skin sample from tail of test rat 160.
Epidermal changes are similar to those seen in
figure 5. The infected hair follicle is distended and
the leukocytic infiltration of the dermis is more
widespread than in the previous photo micro-
graph. H & E. 64X.
in MHS fed rats. In contrast to this, bile-
stained plugs were observed in the biliary duets
of the portal spaces in every test rat. Since
these biliary plugs were not associated with
jaundice and did not appear to compromise
hepatic function in any obvious manner, it was
assumed that they might be due to inspissation
of mucus or an aggregation of desquamated
columnar cells from the biliary ducts.
Interpretation of the gross and microscopic
skin changes favors the point of view that the
gangrene of the tail tip is secondary to epi-
dermal changes and infection rather than a
vascular injury. This opinion is based upon
the following observations. Gangrene occurs in
those sites in which the epidermis comprises an
appreciable portion of the cross sectional area.
Only three anatomic structures would qualify
on this basis: the tips of the ears, the tail tip
and the toes. Gangrene of the terminal tail
segment did not occur unless the epidermal
Finely divided methylhydrazine sulfate was
fed to 42 rats at a concentration of 300 mg
per kg of ground commercial diet. After 42
days most of the rats developed hyperkeratosis
and edema of the terminal 2—6 cm of the tail.
Twenty-five rats fed longer than 98 days all
developed tail tip gangrene varying in length
from 0.4 to 2.5 cm. Since 24 control rats which
were fed the ground commercial diet grew
satisfactorily and did not develop any altera-
tions in the skin of the tail, the tail tip gangrene
is ascribed to the presence of MHS in the diet.
In view of the presence of epidermal hyper-
plasia and edema in every instance, and the
occurrence of acute folliculitis in a majority of
test rats, the tail tip gangrene is believed to be
due to epithelial alterations rather than an in-
jury of the blood vessels. This experimental
model may prove useful for epidermal studies,
because MRS fed rats are active and energetic.
Secondly, the MHS skin changes apparently
can be produced more rapidly than with diets
deficient in unsaturated fatty acids.
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